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The roofless ruins of Bremen, Germany, lie silent and lifeless before the eye of the
camera, evidence of the effectiveness of the Allied strategic air campaign in the Second
World War. Neither the Luftwaffe nor the Red Air Force had envisaged the need for
air forces conceived and committed for the neutralization of an enemy’s corpus of war:
his transportation, his factories, his oil refineries, his will to work and figzht—the target
systems we have come to call “strategic.” The decisive exhibition of the capability of
air forces to destroy a nation’s determination and its ability to fight was perhaps
the greatest single Allied contribution to the advancement of warfare. As Asher Lee
points out, the Soviet and German Air Forces were directed at the outset of the
Second World War to the prime job of supporting armies in the tield. Since both
powers were primarily land powers fighting essentially a land war backed by internal
lines of supply, this was a logical, if short-sighted, view of the use of air forces. But
by the end of the war the Allies had written its basic lesson across the rubble-
strewn i..nd of Germany and the burned-out cities of Japan—that air power, centrally
controlled and its resources committed to strategically planned objectives, is decisive.



The Soviet Air Debt

to Germany

AsHER LEeg, O.B.E.

forces. This has always been particularly true of the

Soviet Air Force. It was born out of the chaos of a bit-
ter civil war into a state of complete aeronautical poverty. Lenin
simply had to look abroad for air engineers, designers, tech-
nicians, and instructors. He found them in America, France,
and Britain but above all in Germany, with whom the Soviet
concluded their first international treaties. German aviation
was heavily restricted by the 1919 Versailles peace treaty. The
Luftwaffe was glad of the outlet in the U.S.S.R., where it was
easiest to continue military aviation activities and evade the
treaty restrictions. It is therefore not surprising that Hugo
Junkers built the first modern bomber plant near Moscow in
the early 1920’s or that many of the first Soviet fighter squad-
rons flew planes designed by Ernst Heinkel. And when the
Soviet started to make their own machines in the late 1920’s,
many of the engines fitted to their bombers, fighters, and re-
connaissance planes were blueprints of a German model. In
addition there were German flying instructors in a high pro-
portion of Soviet flying training schools. At Kharkov for in-
stance nearly all the instructors in 1925 were Germans.

But quite apart from the strong initial German influence,
which was bound to leave its mark, there would inevitably be
a close parallel between the Soviet Air Force and the German
Air Force doctrine at the outbreak of World War Two. Both
Germany and the U.S.S.R. were great continental powers that
would naturally think of the air arm mainly as a weapon of
tactical support for ground troops. Both possessed huge armies
which had to fight land-locked battles over a wide area. The
organisation of the two air forces in 1939 was similar. Most of
the squadrons were grouped into air divisions intended to give
close support to the ground troops. In the German Air Force
an air division was a tactical air force of bombers, fighters, and
reconnaissance planes. In the Soviet Air Force, however, as in
the U.S.A.F. in World War Two, an air division was composed
of only one type of plane, that is fighters or bombers. There

NO modern air force can afford not to learn from other air
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were no Soviet reconnaissance divisions. This type of plane
was only organised at regimental strength, that is, about 30 to
35 planes. In both the German and Soviet Air Forces, air corps
were later organised. In both air forces the strength of an air
division or air corps varied enormously from front to front,
from as few as 150 planes to as many as 750 planes. In both air
forces reserves of planes were always inadequate and squadrons
were often below strength. The policy in Germany and the
U.S.S.R. was to get the maximum number of squadrons into
combat. Nearly all modern operational aircraft were in the
shop window.

Red Air Force units were part and parcel of the army and
navy. There were no independent air force units. The Luftwaffe
units were only subordinated to the army when on active op-
erations in the field. The powerful, possessive Reichsmarshal
Hermann Goering exercised strong personal control over the
German Air Force. Soviet Air Force commanders-in-chief were
much less powerful and much more expendable. During the five
years which preceded World War Two Alksnis, Loktionov,
Lychagov, and Smushkevich came and went after a brief tour
of duty. Their air authority was strictly controlled by the Polit-
buro, in particular by Molotov and Malenkov, who were its air
specialists.

At the outbreak of World War Two the Soviet and German
Air Forces were working to similar strategic directives. The big
differences between them were at the tactical level. The tenet
of these directives was that the prime job of an air force is to
support the army and that strategic long-range bombing was
to be reduced to a minimum. The support of ground operations
was to include the large-scale use of airborne troops to seize
bridges and road-junctions and to form advanced spear-heads.
The operations of both air forces were to be concentrated at
the crucial moments of the ground battle, when a maximum
intensive ground support on secondary fronts or in quiet pe-
riods was to be made. Neither Russia nor Germany then saw
the major need for long-range naval air power either in the
form of carriers or shore-based torpedo-bomber or antisub-
marine units. Both air forces were reducing their totals of
squadrons equipped with flying boats and float-planes at the
outbreak of World War Two, the Russians more drastically
than the Germans.

It was, of course, under the four years of combat conditions
from the summer of 1941 to the summer of 1945 that Soviet air



Battered by eight heavy attacks earlier in
1944, the huge Merseburg-Leuna synthe-
tic oil plants was blanketed with 6728 tons
of bombs in November and December.

THE GREAT LESSON

The German Air Force, closely
watched by the Soviet Air Force, at-
tempted only one major deviation
from its traditional role of support
for the land armies. This occurred
in the Battle of Britain, where its
bombing campaign was defeated by a
combination of the superb skill and
courage of the RAF and by its own
vacillations in tactics. From this time
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many had lost the air war. The Eighth ’ ’1‘%\ " . s @« 1%
Air Force, the Fifteenth Air Force,

and RAF Bomber Command steadily increased the weight and intensity of the
assault until in 1944 more than 1,000,000 tons of bombs fell on enemy targets.
The Luftwaffe found that it could not keep its aircraft at the fighting front in
support of the army, but must pull more and more of its strength back into
Germany to defend vital industrial targets. As early as September 1942 the
Allied air commanders had established seven major target systems which the
Combined Allied Bomber Offensive was to destroy in order of importance—the
Luftwaffe and the German aircraft industry, the submarine threat, transporta-
tion, electric power, oil, alumina, and rubber. One alteration in this master plan
raised the oil on the priority list. Because a number of oil plants were concen-
trated in a central area deep in Germany, Allied strategists believed that pro-
longed aerial attack on these targets would force the Luftwaffe out of hiding.
They were right. The concentrated assault began on 12 May 1944. By November
the Eighth Air Force alone had flown over 5500 heavy bomber sorties against oil
targets, the RAF had equalled this in tonnage, and the Fifteenth Air Force had
also run up an impressive total. The Luftwaffe swarmed into the skies and was
mortally wounded, its losses averaging 500 aircraft a week during the summer.
German oil production fell off to a trickle and the oil shortage became one of the
decisive factors in the collapse of the German war machine. A further corollary
to this successful campaign was that the critical nature of the targets and the
heavy losses suffered by the defenders forced the German High Command to re-
call so many of their fighter units to Germany that when the transportation in-
terdiction campaign began shortly before D-Day, German fighter opposition was
meager. When the armies swept ashore on the Normandy beaches, the air forces,
victorious in the air
war, committed 10,000
sorties on the first day
to their air defenses
and support. But the
defeated Luftwaffe
could commit only 70
aircraft to its prewar
forte of close support
of armies in the field.

RAF bombs, in shattering
this railroad viaduct al
Bielefield, helped cut off
the Ruhr from Germany.
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thinking and Soviet air tactics were most directly affected by
the Luftwaffe. This applied especially to the German Air Force
heyday on the eastern front from June to August 1941, when
in the space of six weeks the Luftwaffe operated five elite
tactical air corps with an operational strength of about 3500
planes, switched squadrons brilliantly from one Eastern air
front to another, kept right up with the rapid advance of the
German panzer divisions over distances of hundreds of miles,
and sustained that advance with closely coordinated air-ground
support which reached an average daily figure over one thou-
sand sorties.

One of the great secrets of the German air success then, as
during the previous summer on the western front, lay in the
great mobility of Luftwaffe squadrons. With over 500 Junkers-
92 transport planes at its disposal it was able to move equip-
ment, fuel, bombs, spares to the advanced air bases from which
the Russians had hastily departed. In contrast the Soviet Air
Force, which was not then organised for mobility, was caught
flat-footed and had to abandon hundreds of usable planes and
dumps of bombs and equipment at its forward bases in Po-
land, the Ukraine, and the Baltic States of Latvia, Lithuania,
and Esthonia. The bitter lesson that the Red Air Force learned
in the first two months of war from the Luftwaffe was that a
modern air force must be highly mobile if it is to be effective.
This means that airfield staffs, wireless stations, bombs, fuel,
and spares must be able to be moved at short notice to new air
stations with the aid of a large number of transport planes. A
strong air transport command, which was an unheard of lux-
ury in World War One, became an indispensable facet of air
power in World War Two.

THIS lesson of mobility is one which the Red Air
Force learned gradually. At the beginning of World War Two,
Soviet air transport was totally inadequate to do the job of
fetching and carrying for the Air Force. There was no separate
air transport command but only a single division of air trans-
port planes and the liaison flights attached to each air divi-
sion. Early in the war against Germany some of the Soviet-
built Dakotas had to be diverted to bomber squadrons; to keep
the single air transport division up to strength, both crews and
aircraft had to be taken from the civil air lines of Aeroflot. The
shortage of transport planes in the Soviet Air Force persisted
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throughout World War Two. Their importance was driven
home again and again by both German and Soviet success and
failure. The Luftwaffe Junkers-52’s helped to rescue the Six-
teenth German Army when it was surrounded at Staraya Russa
in the winter of 1940-1941. Luftwaffe air transport did an in-
adequate job when Von Paulus’ Sixth German Army was
trapped at Stalingrad, chiefly because the Red Air Force had
gained local control of the air. It was improvised air transport,
consisting mainly of Soviet bomber squadrons, which enabled
the Red Army to rush the reinforcement divisions to the Stal-
ingrad front in October and November 1942 and so help to
save Stalin’s name town at a crucial stage in the war.

That the Soviet has absorbed the air transport lesson can be
seen by the increase in the production of Soviet transport air-
craft since the end of World War Two. There are now two
heavy four-engined transport planes in large scale production,
the Tupolev-70 and the Ilyushin-18. In the last war there were
none. In addition the Soviet is building large numbers of twin-
engined Ilyushin-12’s and the shorter ranged YAK twin-en-
gined transport machine. There are also reports of a twin-en-
gined Bratukin helicopter machine which will be able to carry
more than twenty armed troops.

The strategic expansion of Soviet civil air lines in the Far
East is part of the same story, for Soviet civil aviation is closely
linked to military air transport, more so than in other
countries. In addition the satellite air lines in Poland, Czecho-
slovakia, Hungary, Roumania, and Bulgaria are linked with
the Soviet Aeroflot network and are equipped with Soviet
planes. The Red Air Force of to-day is more transport conscious
than ever before. The Kremlin is only too aware of the poten-
tial bombing threat to its tenuous, vulnerable rail and sea
communications. It knows that the Red Air Force may have to
switch its squadrons quickly from Europe to Asia and back
again. It knows that the same squadrons of MIG, Lavochkin,
and Tupolev jets must be ready to do duty both for the stra-
tegic metropolitan defence of the U.S.S.R. and for the tactical
support of an army in Europe or elsewhere. All this means
that units must be mobile and ready to move at short notice.

The Soviet Air Force of to-day is trained and designed to
operate from both home and foreign bases. The air forces of the
satellite powers are being gradually fitted with Soviet opera-
tional planes, such as the YAK-15 and MIG-15 jets and the
Ilyushin transports. Radar equipment, bombs, and the rest are
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of Soviet design. This policy of standardisation of equipment
means that the Red Air Force has already a network of air
bases in Central Europe, China, and Manchuria which can
facilitate the forward supply position of the Soviet Air Force
in any future conflict. Early in 1952, for instance, this writer
had eye witness evidence that this was going on at the Hun-
garian air bases near Kecskemet, Szolnok, and Varpalota.
Evidence from the Prague and Warsaw airfields such as Okecie
and Razyn has long been available, as Poland and Czechoslo-
vakia are the strongest of Russia’s European air allies. Who can
doubt that in China and Manchuria the U.S.S.R. is also gradu-
ally stock-piling aircraft spares, ground equipment, and fuel?

This does not mean that the Red Air Force will not be hard
put to operate at the end of an extended supply line. Russia
has nothing like enough transport planes to meet her full
global commitments. These commitments could be doubled in
a few days, if her communications were successfully hit from
the air. The Kremlin krows this of course. That is why we can
expect further increases in the production of Soviet transport
aircraft, plans for the mobilisation of all civil air line facilities
at short notice, an increase in the number of trucks and heli-
copters available to the Soviet Air Force, and a series of air
maneuvers to test the mobilty of the air regiments commanded
by General Zhigarev, Russia’s air chief until further notice. The
Soviet Union realises that mobile air power is a vital necessity
to her defence.

Partly as a result of her fighting contact with the Luftwaffe
and the German army in World War Two, Russia now has a
much soberer view of the potential military value of airborne
and parachute troops. For the first year or so of the war the
Soviet had to employ many of her crack parachute divisions in
emergency defensive ground battles such as the 1941 defence
of the Smolensk province and the 1942 operations on the
Stalingrad front. In this she did not differ from her German
opponents, who were also compelled to use parachute troops
as crack defensive infantry in the campaigns in Africa, France,
and Germany, as well as on the eastern front.

Later in the war the Red Army found ample opportunity for
using large formations of parachute troops in their conven-
tional offensive role. In 1943 and 1944 the stage was ideally set
for operations of this type on the eastern front. The German
army was deteriorating rapidly. The Soviet Air Force had won
air superiority, thanks to the fact that the Anglo-American
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air assault in Europe and the Mediterranean contained at least
two thirds of the total Luftwaffe air forces, and it was the elite
two thirds. There were rivers for the Red Army to cross with
the help of airborne and parachute troop operations, as at the
Volkov, the Lovat, and the Dnieper. The stretched lines of the
German communications system were there to be severed al-
most as the Red Army wished. But when the Red Army re-
entered the Don Basin in the autumn of 1943, the newly
formed parachute cadres under General Kapitochin failed to
hit their drop zones when a large-scale parachute operation
was carried out at Kanev. The link-up of the Soviet airborne
forces was not effective, and they did little to help the advance
of the Red Army on this front. Although Soviet parachute for-
mations did a little better in the spring of 1944 when they
aided General Tolbukhin’s assault on the Crimea, Soviet re-
ports suggest that they did not play a vital role in the success
of this combined operation by land, sea, and air forces.

All these World War Two experiences against a weakened
German army added to the Soviet realisation of the difficulties
of employing large numbers of parachute troops under com-
bat conditions. They have also studied in detail the lessons of
the parachute operations at Arnhem, over Sicily and Crete, in
fact of all phases of World War Two in which large numbers
of troops went into battle by air. As a result of the lessons
learnt, the Soviets will not lightly commit many of her para-
chute divisions simultaneously in a single large-scale airborne
operation. She will not run the risk of heavy losses in transport
aircraft except to gain some really vital objective. The U.S.S.R.
knows that parachute troops are a vulnerable target even
against modest opposition. But Russia also knows that small
groups of parachutists operating with guerrilla or Soviet
sympathisers dropped over a wide area sufler fewer casualties
and can cause much damage. In World War Two these para-
chute operations were highly successful on the eastern front.
At a time when the German man-power situation was severely
strained, the Luftwaffe had to find thousands of extra airfield
guards to meet the threat of sabotage to planes from these
Soviet guerrillas supplied from the air and in close wireless con-
tact with the Red Army from well behind the German lines.

ALTHOUGH the Luftwaffe never presented a serious
strategic bombing threat to the U.S.S.R, it influenced the de-
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velopment of the Soviet Air Force strategic fighter defence
system. At the outbreak of World War Two neither the Luft-
waffe nor the Red Air Force had an integrated system of day
or night fighters with a co-ordinated chain of radar stations
and sector controls by radio telephony. Both relied on an ob-
server corps for their early warning and on a concentration of
antiaircraft guns and on such fighter squadrons as were avail-
able locally to defend their metropolitan territory from bomber
attacks.

By 1944 two things had happened. The German Air Force
had launched a series of moderately successful long-range air
attacks at night against rear-area towns such as Gori, Jaroslav,
Saratov, and Astrakhan, centers of Soviet tank, oil, and rubber
production. These attacks resulted in the formation of a few
experimental Soviet night fighter regiments. Much more im-
portant was the formation of the Luftwaffe strategic fighter
defence system during the war. It reached a peak strength of
over 2500 day and night fighters, backed by an efficient radar
and early warning system and by effective tactical use of radio
telephony and wireless aids.

Although the Red Air Force never had to face the full brunt
of the Luftwaffe strategic defence system, its night bombers
ran into the night-fighter organisaticn on the eastern front
in the last year or so of the war and developed a healthy respect
for it. In Poland, Roumania, and East Prussia Ju-88 and Me-
110 night-fighter squadrons, equipped with airborne radar and
backed by a radar early warning system, regularly intercepted
the attacking Ilyushin twin-engined and Tupolev four-engined
raiders.

At the end of World War Two the Russians overran the bases
of these night fighters and captured Luftwaffe radar equip-
ment such as airborne Nazxos and the Wiirzburg long-ranged
early-warning radar, as well as a number of experienced radar
operators. In addition many thousands of technicians who had
worked for Siemens, Askania, and Telefunken in factories in
Eastern Germany were taken to the U.S.S.R. and helped to
start the large-scale production of radar equipment. This is one
of the main reasons why the Red Air Force was able to form its
first radar signals units as early as 1946. There is no doubt at
all that the Soviet Air Force has benefitted enormously in its
blind flying and night-flying techniques as the result of its
inheritance from the Luftwaffe of World War Two. The amount
of night flying by the Soviet civil air lines has increased greatly
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in the past few years, and nearly all Soviet bomber and fighter
pilots take a thorough course in blind flying with the help of
radar, radio-telephony, and wireless aids to navigation.

Because the U.S.S.R. must develop her strategic fighter de-
fences and her strategic bombing more than ever before, this
aspect of the German technical air legacy is of crucial impor-
tance both for the Kremlin and for the American Air Force.
The full story of the exploitation of this legacy of captured Ger-
man equipment and of the enforced expatriation of captured
Luftwaffe technicians, engineers, and scientists could fill many
volumes. Part of the story has already been told in articles,
pamphlets, and books written by Colonel Tokaev, a Soviet Air
Force officer who was a senior member of the staff which ex-
ploited captured Luftwaffe equipment after the war. Tokaev
escaped to the West in 1949. It is a documented fact that in
each of the Soviet air armies operating on the eastern front a
new staff group was set up in the spring of 1945 before the end
of the war. It bore the innocuous title of “The Department for
Work Amongst Local Peoples.” From Russia’s Foreign Lan-
guage Institutes English- and German-speaking officers were
temporarily commissioned and placed alongside the best offi-
cers and N.C.O.’s of the Soviet Air Force corps of engineers.
They were sent to captured territory at once. The directive
given to them was simple. It was to exploit to the full the un-
precedented harvest of modern aeronautical techniques and
equipment which fell into the Red Air Force lap in the first
six months of 1945. It would be difficult to think of many ex-
amples of modern air weapons, tools, or equipment to which
Russia did not suddenly become heir. There were jet planes,
rocket planes (Me-163), radar equipment, experimental guided
missiles, high octane fuels, blueprints for supersonic planes,
prototypes of Junkers and Heinkel jet bombers, in fact samples
of nearly everything that German Air Force engineers and
scientists could offer. We must remember that experimental
aircraft and rocket centers like Peenemunde and Heidelage in
Poland fell into Soviet hands and that whole units of Arado
and Messerschmitt twin jets were picked up by the Red Air
Force on airfields near Prague.

THE greatest Luftwaffe contribution to the Soviet
Air Force in the immediate post-war period was undoubtedly
in the realm of jet aircraft. By the end of World War Two, the



12 AIR UNIVERSITY QUARTERLY REVIEW

U.S.S.R. had designed only experimental jet engines, which had
been tried out in the flying test-bench of the four-engined
Tupolev bomber, the TB-7. In 1945 Soviet air engineers were
presented with hundreds of samples of Junkers-004 co-axial
jet engines and German B.M.W.-003 jet engines. These came
from over two hundred Messerschmitt-262, Heinkel-162, and
Arado-234 Luftwaffe jets picked up on airfields in Czechoslo-
vakia, Hungary, and Eastern Germany in the last few months
of war. There were also dozens of samples of the Walter rocket
engine, which, however, the Soviet has not yet developed as
fully as the Luftwaffe jet engines.

The German influence on the first Soviet jet aircraft is seen
clearly in the YAK-15 single jet and the MIG-9 twin-jet, which
went into large scale production in the U.S.S.R. in the 1946-
1948 period. The MIG-9 first saw squadron service in 1947. It
is essentially a ground-attack, Stormovik type of plane. Its de-
signers certainly drew heavily on German inspiration and re-
search data. The engine was a copy of the German BM.W.-
003 engine which had been fitted to Hitler’s jet aircraft failure
the Heinkel-162. Then there was the personal advice obtained
from German jet engineers and pilots such as Siegfried
Gunther, one of Heinkel’s best jet engineers. The YAK-15
single-seater fighter jet reported in action in the early days of
the Korean war and now being supplied to Russia’s satellite air
forces in Eastern Europe as an operational training aircraft
was originally nothing more than a lash-up of Soviet piston-
engined YAK-9 fuselage, fitted with copies of the German
Jumo-004 co-axial jet engine. The early models of Tupolev’s
twin-jet plane, the Soviet equivalent of the British Canberra,
were also fitted with turbo-jets of German design. Ilyushin’s
four-jet bomber produced in 1947 bears the unmistakable stamp
of a Heinkel jet bomber designed in 1945.

It cannot be too strongly emphasised that the German in-
fluence was at its height only in the formative jet era of the
Soviet Air Force from 1945-1948. While Luftwaffe jet engines
vastly accelerated the Soviet production of co-axial jet motors,
British Rolls Royce Nenes helped to speed up, though not to
the same extent, the development of Russian centrifugal-type
jets. But the MIG-15 single jet and the Tupolev-10 twin jets
which are flying in the 1952 squadrons of the Soviet Air Force
are fitted with an original Soviet engine evolved from their
1946-48 apprenticeship. To-day the U.S.S.R. has no great need
of German air technicians, and many of them have found their
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way back to Western Germany. Russia’s engine designers like
Mikulin, Klimov, Charomski, and Chelomey have enough ex-
perience to make personal contributions to improving Soviet
jet engine design. The superior fuel injection method and the
high metallurgic quality of the Soviet engine in the MIG-15 are
common proof of this. But the original debt of Soviet air en-
gineers to the Germans is heavy.

IN the field of rockets and guided missiles the Ger-
man contribution to Soviet technical progress has also been
considerable. Even before World War Two, in 1935, the Soviet
acquired some of Germany’s best rocket mathematicians and
scientists from the big rocket center near Berlin, which was
taken over by the Gestapo in that year and reconstituted at
Peenemunde. These included the German mathematician Her-
mann Oberth, author of two well-known books on rockets and
space travel. Although the U.S.A. inherited many of Peene-
munde’s top-ranking rocket and guided missile specialists,
such as Professor von Braun and Dr. Doenburger in 1945, the
U.S.S.R. also got hold of some of Peenemunde’s best brains, in-
cluding people like Professor von Bock and Dr. Wilhelm Tell-
man. At the end of 1949 Tellman escaped from the U.S.S.R. via
Greece after plying his radar and rocket skills at Tomsk,
Leningrad, and Kuibishev. He hag now migrated to the Ar-
gentine to join the considerable Luftwaffe colony which is
modernising Peron’'s air force at Cordoba, center of Argen-
tinian jet and rocket development,

Tellman has confirmed the evidence already available from
Tokaev and other escaped Soviet Air Staff officers. Peenemunde
has been completely re-created and further developed for the
Russians by German technicians working under the directives
of Professor Artakianov, the Soviet scientist. Back in the
U.S.S.R. large-scale production of rockets and flying bombs
based on the German V-1 and V-2 blueprints is now in process
near Moscow, Kazan, Leningrad, Tomsk, Irkutsk, and proba-
bly in other industrial centers. The Russians have of course
improved on the German models. Eye-witness accounts have
reported a two-stage Russian rocket, which may increase the
range of the V-2 to some 400 to 500 miles. During the last two
years there have been independent reports from both the Use-
dom area of the Baltic and from near Leningrad, both con-
firmed by Dr. Tellman’s on-the-spot evidence, that experi-
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mental radio-guided work is being carried out with these V-2
type rockets. The radio and radar signals are provided from
equipment on Russian surface vessels and are effective up to
a height of 40,000 feet. (Current performance may be an im-
provement on this.)

The fact is that the whole range of Luftwaffe and German
army radio-guided missiles and equipment fell into Russian
hands. There were the two Henschel radar-guided bombs, the
Hs-293 and the larger FX-1400. The former was used unsuc-
cessfully as a tactical defence weapon against U.S.A.AF. Fly-
ing Fortresses that bombed Germany in the summer of 1943.
Both types of bomb found their mark against American mer-
chant and naval vessels operating in support of the Salerno
landings later in the same year. The U.S.S.R. also acquired
samples of German antiaircraft radio-guided missiles like the
X-4, the Hs-298 air to air projectile with a range of about a mile
and a half, the Rheintochter, which was fitted with a radar
proximity fuse, and the very promising Schmetterling, which
even in 1945 had an operational ceiling of over 45,000 feet and
a planned radius of action of about twenty miles. It could be
ground or air launched and was one of the most advanced of
the German small-calibre radio-guided defensive rockets. Of
these various projectiles the Henschel-293 bomb and the de-
fensive Schmetterling and Hs-298 (the V-3) are undergoing
development at Tomsk and Irkutsk. according to the evidence
available to this writer. Soon they may be going to production
at factories near Riga, Leningrad, Kiev, Khabarovsk, Voronezh,
and elsewhere.

At other factories in the same areas improved radar equip-
ment, based on the German Wirzburg and airborne Lichten-
stein and Nazxos are in large scale production, manifesting the
technical contribution of the Luftwaffe to the Soviet air prob-
lem of accurately tracking the path of incoming bombers and
helping fighters to carry out the final interception in bad
weather conditions or at night.

GERMAN Air Force influence on Soviet aircraft
armament policy has been quite definite. Before World War Two
the Luftwaffe pioneered in the use of the 20mm cannon, while
the air forces of England and America adhered to a policy of
fitting smaller calibre guns to their planes. The Soviet has
adhered to the German armament policy and during World
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War Two produced cannon of both 23mm and 37mm calibre
for their fighter and bomber aircraft. It was the Red Air Force
that asked the United States, under Lend Lease arrangements,
to produce large numbers of Airocobra and Kingcobra fighter
planes fitted with 30mm cannon, showing that they believed in
the German policy of fitting their planes with heavier guns.

Now amongst the haul of captured German air equipment
were a number of experimental 55mm and 88mm cannon,
which were used by the Luftwaffe on twin-engined Heinkel
bombers and on twin-engined Junkers-88 fighters and bombers.
There is evidence that Junkers armament experts have helped
the U.S.S.R. to produce the 53mm cannon which is being cur-
rently fitted to Soviet twin-jet Tupolev planes. In short the
Soviet has long had a tendency to fit their planes with large-
bore cannon, but the Luftwaffe has both influenced and aided
Soviet armament trends under this heading.

In the realm of military air training, the German Air Force
has exercised at least four distinct influences. The first is to
raise the standard of radio telephony communication between
ground stations and aircraft and aircraft and tanks in the
area of air-ground tactical support. The Soviet Air Force, after
monitoring Luftwaffe tactical voice traffic in World War Two,
soon realised that their own air ground support routine was
slow in comparison and needed speeding up. This is now being
done. In the same way Soviet war-time experience of the high
standards of German tactical air reconnaissance, of observation
training, of planned visual signals for troop identification,
and of mobile front-line photography have all resulted in a
sharpening of Soviet training methods under all these headings.
The Luftwaffe system of forming operational training units
fitted with the same aircraft as frent-line units and trained
in the special squadron tactics of front-line units was also
adopted into the Soviet Air Force during World War Two. Thus
the Red Air Force narrowed the gap between the final stages
of operational training and front-line flying. This system is not
special to the German and Soviet Air Forces, but it was con-
tact with the Luftwaffe which helped to decide the Russians to
introduce it. Finally hundreds of Luftwaffe radar technicians
and radar signals personnel, including many members of the
German Air Force 200th and 300th night fighter formations
captured in Poland and Roumania, have helped to lay the
foundation of Soviet methods of training radar operators.

THis article cannot give a complete account of the influence of
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the German Air Force on the Soviet Air Force. In the realm of
air tactics, for instance, the Red Air Force was learning new
things all the time it was in combat. But as the German air
tactics varied so much from day to day, according to weather
conditions, squadron commanders, and the nature of the opera-
tion in hand, it would be a difficult task to try to give a repre-
sentative summary of what tactics the Russians learned from
the Germans. This writer can personally vouch for the great
attention paid by the Red Air Force staff to Luftwaffe tactics,
for in World War Two he was engaged, amongst other things,
in supplying them with a stream of Luftwaffe combat intelli-
gence which Red Air Force staff officers seemed never tired of
discussing.

In the way of industry, Luftwaffe factories making modern
Messerschmitt, Focke-Wulf, Junker, and Henschel planes have
been taken over by the Soviet aircraft industry in East Prussia,
Poland, East Germany, Hungary, Czechoslovakia, and Rou-
mania and have contributed to the post-war expansion of the
Soviet aircraft production. The Soviet system of airfield con-
struction has gained from its capture of hundreds of well-
equipped Luftwaffe bases in the 1943-1945 period.

In 1945 the Soviet Air Force stood in urgent need of moderni-
sation in many ways. Thanks largely to the Luftwaffe the
technical gap between the Western Air Forces and the Soviet
Air Force has been closing rapidly since then. Tactical mobility,
radar, strategic defence, rockets, jet aircraft, radio-guided
missiles, and training methods—these are some of the fields of
aviation in which the Soviet debt to Germany is apparent. But
we would be wrong to assume that the U.S.S.R. cannot produce
original air doctrine, tactics, and weapons of her own. Let us not
forget that the Soviet pioneered in the large-scale use of air-
borne troops and the employment of the tactical rocket bomb
and also the large-scale use of the harassing night bomber,
acting as a persistent intruder against the enemy over a wide
area. Although Russia’s tactical and technical air debt to Ger-
many is great, in aviation as in other things, the Soviet have
demonstrated that they learn quickly and profit so much that
they often better the instruction they are given.

London



1
|

‘
!

. Jalf of the worl




lnganuunww:udm_t_r ak
ordered to formulate & plan of attack to.

E e,

S,
= o v




JET STRATEGIC BOMBARDMENT-1952 19

ures of defense. The age of mobilizing armies and massing
fleets for a drive across a natural border into the heartland of
an enemy is passing. In less than ten years the day has dawned
of the intercontinental bomber, coming with no other warning
than its own passage, swift as sound and invisibly high over
oceans and mountain range.

The bomb, the bomber, and the aircrew are the three elements of
our long-range aerial weapon. With a hostile power possessing the
hitherto decisive bomb, how will the USAF retain decisive capability
for a war that may be signaled only by the commitment of forces to
the first air strike? The answer lies now in superior aircraft and air-
crews able to drive home decisive attacks before the enemy can
carry out a crucial offensive. In collaboration with the Strategic Air
Command the Editors of the Quarterly Review survey today’s de-
velopments in the jet bomber and its crew.

The time has also arrived when the destructive power of an
army or a fleet, firing for days, can be packed within the metal
casing of one bomb. A paralyzing ‘“Pearl Harbor” type of attack
damaging a nation beyond power to retaliate or carry on war
is a capability of present-day air forces. And that no nation
can endure for long under determined and sustained aerial
bombardment was adequately proved by 1945. In fact U.S.
power to commit an unlimited global air offensive has been,
in the opinion of most competent observers, the chief deterrent
to a third world war.

The men of SAC are strong in their belief that national sur-
vival depends upon our ability to parry any vital attack by
smothering the aggressor before he can mount it. The time lag
in swift retaliation to an act of war must be so drastically pared
away, our offensive forces so ready and so alert, that we our-
selves deal the decisive attacks before the enemy can hit us
hard. The response of our air forces must be a split-second of-
fensive so devastating from the beginning that a dangerous
enemy offensive can never succeed. We must, in a sense, take
off when we hear the enemy warming his engines.

How, then, can this split-second offensive-defense be com-
mitted? How can we define and recognize an ultimate act for
war? It must be discernible before the bombs drop on our cities.
Yet at what instant would we have been justified in attacking
the Japanese task force that bombed Pearl Harbor in 1941? As
the carriers were launching the bombers? When the task force
entered Hawaiian waters? When it was halfway along its
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course? The commander himself was then not yet irrevocably
committed to the attack. Yet he was dangerously close to his
target. When the task force sailed from Japan? When the order
came for it to sail? When the ships were fitted and trained for
their fateful mission? When the decision to immobilize the U.S.
Pacific fleet was communicated to the Japanese High Com-
mand? The more difficult to define the overt act, beyond which
war is upon us, the shorter the time lag we can accept, after it
i1s recognized, before our offensive is driven at the enemy’s
heart.

The Weapon

It is therefore imperative that we have a weapon at hand and
keyed-up to meet the crisis. Though the commitment of this
weapon would follow hostile action that is beyond our national
control (and in this sense it is a retaliatory weapon), our stra-
tegic air force must be offensive minded in every phase of its
operations. If the enemy knows we have this weapon, if he
knows that upon his move toward hostilities we can take the
offensive, if he knows we can ruin him before he can adequately
get his forces in operation, then we can hope the deterrent it
must exercise upon his aggressive intent will be enormous. It
would constitute our strongest deterrent to war. This is the
extent to which our nation depends upon the Air Force to per-
fect a swift, hard-striking, long-range weapon with the offensive
initiative for commitment far beyond any potential enemy’s
capabilities to match. Since World War II our stockpile of A-
bombs plus our power to deliver them have constituted that
weapon. What of the future?

The Bomb

First, in this age of nuclear explosion, guided missiles, and
supersonic aircraft it is definitely within the realm of possibility
to win a war by the sole use of strategic bombardment. If not
(and at present there is no evidence to believe not), it is then a
necessary prerequisite of winning by any other method. Second,
the development of the A-bomb and long-range bombardment
aircraft by another nation is rapidly equalizing the power of
atomic destructivity which for so many years was balanced
heavily in our favor.

We must strive with all our resources and technological
ingenuity to prevent this equalization. But we must remember
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that a superior A-bomb or a numerically superior stockpile of
A-bombs will not alone bring victory in war. Nor will either
guarantee security, if peace continues, or retain the power of
deterring attack as it has in the past. With two potentially
hostile nations approaching equality in bombs and capability
to deliver them, the balance of military power will increasingly
focus upon the nation possessing the swiftest and most ac-
curate means of delivery.

This demands an air striking force continuously adapted to
greater speeds, higher altitudes, and changing strategy. It
demands, as always, long-range bombardment aircraft possess-
ing operational features equal or superior to those of their con-
temporary high performance fighters. It demands, as never
before, skilled professional aircrews.

The Jet Bomber
The B-47 was the first medium jet-powered strategic bomber
designed to meet and fulfill the requirements of a changing era.
It can carry the atomic bomb faster and higher than any other
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strategic bomber known in the world. In 1949 an early model
flew across the continent from Moses Lake, Washington, to
Andrews Air Force Base, Maryland, in 3 hours and 46 minutes
—averaging 607.8 miles per hour.

Being the first in the field of a new type strategic bombard-
ment aircraft possessing revolutionary design and performance
characteristics, the B-47, like any prototype, presents engineer-
ing and operational problems that are being solved only
through operational experimentation.

Although the B-47’s tests indicate it to be the best strategic
jet bomber in the world today, it most probably bears a re-
lation in the dawning age of jet bombardment to the B-10 of
another era. With the coming of rocket and nuclear propul-
sion this new age promises nearly limitless speeds and altitudes,
and unprecedented challenge to the men who will fly. In the
B-47 we have found the basis for aeronautical designs already
in construction or on the drafting boards.

Some of the operational problems of jet bombardment can
be explained by examining the B-47’s equipment and the aero-
nautical features which affect its flying characteristics—so dif-
ferent from those of the conventional piston-engined aircraft.
One might consider the B-47’s jet engines, its swept back wings,
its bicycle landing gear, its flaperons, and its drag chute. Each
has its specific purpose; each poses advantages and disadvan-
tages for our determined efforts to give increased speed and
operational effectiveness to our strategic weapon.

The main advantage of the jet engine is in great operational
speeds and altitudes. Since the jet engine is more economical
at high altitudes, the obvious way to “lean out” a jet is to go up.
This in turn makes operations possible above 35,000 feet and at
400 to 600-plus miles per hour. The hazards of enemy ground
or air defense are reduced. The speed of attack is greatly in-
creased. For the first time a strategic bomber has the power to
reach and go beyond the critical Mach number* in level flight.

The simplicity of the jet engine greatly diminishes main-
tenance requirements. It also cuts down the time and effort
necessary with conventional bombers to prepare for take-off.
Necessary warm-up operations, so typical of conventional air-
craft, are limited in the B-47. The main disadvantage of the jet

*The theoretical definition of a critical Mach number is that airspeed at which the velocity
of sound is first reached on any part of the aircraft. From a nontecnnical standpoint “‘crit-
ical Mach number” is most practically defined as that air speed at which drag starts to rise
rapidly and begins to change the normal characteristics of the nircraft.
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engine is the effect of its high fuel consumption on maximum
range, together with the related high take-off weights of fuel.

Jet engines also need longer take-off runs and planned take-
off distances. Since ambient temperatures and runway elevation
affect jet performance, the higher the runway and ambient
temperature, the longer the take-off run. Jet operations there-
fore call for lengthened runways.

On the other hand the jet engine requires well-planned air-
field approaches. Go-arounds may be critical because of slow
acceleration. The current fuel limitation of the jet may not
allow for a second pass at the home base if during a mission
the flight plan is altered by emergency conditions. Inflight re-
fueling is one solution for fuel limitations being applied to
B-47 operations.

The B-47 is the first U.S. strategic bomber to use the swept-
wing. It was used in the original design mainly to push the speed
of the aircraft beyond that of the F-80, top jet fighter at the
time. The 35 degrees of sweep-back on a B-47 is a compromise
between design for speed and design for range, as each is direct-
ly affected by the other. Sweep-back greatly reduces gust
effects, usually critical at high speeds on conventional air-
craft, but it also introduces definite stalling characteristics.
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At lower speeds the wing layer of air, present on any airfoil, is
forced towards the wing tip by the normal flow of air across
the wing. This still layer tends to pile up at the tip and results
in tip-stalling that makes lateral control difficult at lower air-
speeds. The outboard engine nacelles of the B-47 help some-
what by spilling the still layer overboard before it can pile up,
but in general the swept wing does not make for good low-
speed handling characteristics—particularly in approach and
landing. Another disadvantage of the swept wing is the weight
it adds because its structural design requires stronger internal
support than the conventional wing. Again, as wing loading
increases at higher indicated airspeeds, the wing tends to twist
and increase the angle of attack of its tip—introducing some
difficulties of lateral control at high speeds in low altitudes. On
the other hand, the wing is flexible, with a movement arc of
17 feet. This means smoother riding in turbulent air.

To obtain a high critical Mach number for the swept wing,
the wing had to be kept thin. The two main landing gears are
placed in tandem along the center line of the fuselage. For
stability on the ground, outrigger gears were mounted in each
of the inboard nacelles. The bicycle gear demands different
pilot technique than the tricycle gear to which most pilots are
accustomed. Much variation in the take-off run, from pulling
the aircraft off early or holding it on the runway, is not pos-
sible. But this characteristic enables the pilot to compute his
exact take-off distance from his take-off weight, the runway
elevation, the ambient temperature, the wind, etc.

The flaperons are in reality controllable flaps. When fully
extended, they rotate with the aileron, They serve to improve
lateral control at low airspeeds and overcome many otherwise
difficult landing characteristics.

The function of the drag chute is to “dirty up” the B-47. Be-
cause of its “clean’” aerodynamic design and lack of propellers,
which give “drag” after the touchdown, the B-47 rate of decel-
eration is slow. When it is used, the 32-foot parachute bellies
out behind the B-47 just after it touches the runway and by in-
creasing drag cuts down roll. Regular maintenance crews pack
the drag parachute, since the extreme care used in packing the
canopy-type personnel chute is not necessary. The dragchute
may help solve one of the pressing logistics problems connected
with the maintenance of aircraft overseas during World War II
—the supply of wheels, brakes, and tires. It may also enable the
B-47 to operate from normal length runways.
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With the development of the B-47 we have given our air
weapon new meaning and power. It has placed our strategic
air striking force one step nearer the goal of supersonic inter-
continental operations. How then has this modification af-
fected the third, and most important, component of the bomb-
aircraft-crew weapon?

The Jet Bomber Crew

The advent of the jet bomber has not revolutionized aircrew
problems, but it has intensified some of the old ones. Increases
in speed and altitude have placed a demand upon crew mem-

bers for qualifications never before required in bombardment
aircraft.

Since jet bombardment crews may be called upon to operate
at long ranges and over regions where safe landings short of
home base are not possible; since they may be called upon to
operate singly, without fighter escort over enemy areas where
vigorous ground and air defense will be encountered; since one
crew may have a mission which in World War II would have
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miles from targel actual range

required the combined efforts of 400 B-29 or 900 B-17 crews;
exact mission planning and precise execution is mandatory.
This requirement stems from the combination of small crews,
high speed, and rapid fuel consumption.

To illustrate: the jet bomber cruises at a relatively constant
indicated airspeed. No variations in actual pilot technique can
increase maximum range by more than a very small percentage,
but incorrect choice of altitude, speed, or power setting of en-
gines can drastically reduce the range. Since jet aircraft, for
optimum altitude and speed, do not carry large fuel reserves,
very little margin exists for mission errors. The crew must there-
fore have complete knowledge of all variables which affect the
aircraft’s performance, as well as knowledge of how to best cope
with in-flight emergencies (engine flame-outs, cabin pressure
failure, fuselage fire, power control failures). Actual mission
flight planning is done backwards, starting with the known
weight of the aircraft without fuel at the end of the mission and
working backward to take-off by adding the weights of fuel
required for each segment of the misison.

Since speed is high and fuel is consumed rapidly, all tech-
nical problems of the mission must be solved with much greater
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Navigation at 600 knots
calls for preeise accu-
racy. With slim margin
of fuel for reserve a
slight error can result
in loss of the aircraft.
Here a course error of
three degrees puts the
jet  bomber approxi-
mately 30 miles off its
target affer a flight of
only one hour—over Ft.
Worth instead of Dallas.
In the same hour a gon-
ventional bomber tray-
eling 240 knots would be
only 12 miles off course,
with ample reserve fuel
for correction.

rapidity than on mis
sions in convention
aircraft. Acceleratec
closure on the targe
necessitates quicker de
cisions on target iden
tification, approach
target analysis, aim
ing point, and bomb re-
lease point. High alti-
tude and high speec
may require bomb re-
lease ten or more miles
from a target visually
obscured. To accomp-
lish this, the modern
jet bomber is equipped
with complex electron-
ic and mechanical e-
quipment. Although
this equipment simpli-
fies the bombing prob-
lems in many ways, it
requires, in turn, an
operator who has had
special training and
experience.

Faster calculation
and greater precision
is required in naviga-
tion. In the time con-
sumed for taking and
plotting a celestial fix
the aircraft may have
traveled more than 100
nautical miles. At such
speeds small errors in
time make large errors
in distance. Small

. course errors likewise

grow in proportion. A
one-degree course error

'will throw an aircraft







approximately one mile
off course in 60 miles of
flight. A jet bomber
traveling 600 knots
will then be 10 miles off
course at the end of an
hour, whereas a con-
ventional bomber trav-
eling 240 knots will
be only 4 miles off
course. A three-degree
rror during the same
period of time would
place the jet approxi-
mately 30 miles off
course. With fuel cal-
culated to minimum
requirements, small
navigational miscalcu-
lation or delay in com-
putation could easily
result in failure of the
mission and loss of the
aircraft.

Aerodynamic design
of the B-47 necessitates
crew reduction to ap-
proximately one third
the number for the
conventional bomber.
This demands consoli-
dation of crew func-
from a target visually
crewmen with wider
fields of specialization.
But consolidation is
not so intense as gene-
rally believed. Many
functions, such as
those of the flight en-
gineer and the aerial
gunner have been
almost eliminated in
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High speeds and high altitudes increase jet crew strain

The jet bomber Both the B-47
decreases some causes BUT and its operating environment
of fatigue increase strain and fatigue
—————because - because
@ missions are shorter @ operations are rapid and intense
@ noise is cut down @ crew space is confined
@ vibration is reduced @ clothes are bulky and heavy
@ encines are simpler to operate @ fuel reserves are low
@ chance of interception is decreased @ periods on oxygen are long
. escape is hazardous

speeds and altitudes that correct analysis and reaction are
quick and automatic in all unusual or emergency conditions.
Time does not permit prolorged estimates of situations in an
aircraft with a rate of climb over 5000 feet per minute and
speed far in excess of most fighters of the last war. Closer team-
work is mandatory. More fields of specialization are required
of each crewman. The aircraft commander and copilot may be
called upon to assist the observer in visual and radar bombing
and high speed, celestial, and radar navigation problems.
Some thought is being given to making the crewman who has
demonstrated the greatest degree of bombing and navigational
accuracy the aircraft commander. This revolutionary change
in aircrew authority would be based on the premise that the
man in the bombing slot is the key man in high-speed, high-
altitude jet bombardment operations. It is entirely feasible,
for example, that the pilot, or copilot, after mission take-off
would switch positions with the observer, compute the course,
control the bomb run, drop the bomb, and then switch posi-
tions and fly the aircraft back to base.

Single position training, so characteristic of World War II
bombardment crews, has given way to intense cross-training.
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Far deeper significance, however, is attached to cross-training
by Strategic Air Command than just the desirability of in-
creasing teamwork or enabling interchangeability of crew po-
sitions. Cross training will produce a corps of officers able to
comprehend all operational problems of jet bombardment.

The whole structure of the Air Force in the last war was
built on cross-trained leadership. At the beginning of World
War II a small nucleus of Air Force flyers were cross trained.
During the war single training had to be adopted to satisfy
the demand for rapid build-up. But the cross-trained officers
became, in the main, the group and wing commanders and
formed the foundation for the vast superstructure of the war-
time Air Force. Being themselves familiar with each phase of
the complex problems confronting their crews, they were able
to personally evaluate and solve many of them. We are now on
the threshold of a new age. A foundation—the size of whose
superstructure is yet unknown—can again be built by cross
training our jet bomber crews. Whatever the size, many of the
wing, group, and other commanders of our future strategic
air force will be drawn from this nucleus of cross-trained jet
bombardment crews.
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sional Air Force career men who have grown up in Strategic
Air. These men are selected by their wing and group com-
manders because they meet qualifications and have performed
and understood their duties in conventional SAC units—often
from the days of World War II. Many possess thousands of
hours flying time in all types of bombardment aircraft. Some
are ex-navigators, ex-bombardiers, or ex-radar operators who
have gone through pilot school. All have sound technical back-
ground, comprehensive experience, and possess solid tempera-
ments and mature power of judgment.

The jet bomber has likewise required the modification of the
bombardment training curriculum and the establishment of
training facilities for it.

Plans for the mass production of combat crews will get un-
derway in the near future with the completion of new Com-
bat Crew Training School installations. Air Training Command
will supervise the program. During the interim Strategic Air
Command is training its own combat crews. In SAC tactical
units as well as in partially completed ATRC centers, these
crews are being put through the various phases of training to
be incorporated into the permanent program which will train
all crew members as 1025’s when resources permit.

Each crew member who has been selected for B-47 duty must
undergo certain courses before he enters actual team training
on a combat crew in the B-47. Crews may be formed before
they enter the program or before they enter the last phase of
training. The members may or may not have met before. Each
goes his single way into the program. Once formed, crews are
permanent.*

After the crew members complete their individual phases,
they are brought together, and for the first time they fly the
B-47 as a crew and are assigned realistic practice missions un-
der simulated combat conditions.** This phase of their training
is designed to indoctrinate them thoroughly with the capa-
bilities and the intricacies of the aircraft and its actual equip-

*It is the policy of SAC to maintain permanent crew unity whenever possible. Some of
the present SAC crews have been together for many years.

¢*Several training aids are provided during training and in subsequent operational units.
One is the B-47 Mobile Training Detachment (MTD!. The normal complement of a B-47
MTD is one officer and fifteen airmen. They are organized to give instruction in main-
tenance, instruments and auto pilot (A-12), electrical systems, hydraulics. power plants,
radar, armament, bomb navigation systems, fire control, turret systems, x_an_d alrcrew
familiarization. Another is the B-47 Flight Simulator, which is desi_gned for original tr.ain-
ing and maintenance of proficiency after the crews are trained. Simulators are especially
useful in tactical units where emergency procedures must be provided, particularly those
which are dangerous to practice in the air. The practice of emergency techniques in the
Simulator is as effective and realistic as in actual flight and eliminates flight hours on the
aircraft and the danger of losing a valuable plane and crew. The simulators also provide
inter-position training in the tactical units—thereby assisting in attaining the goal of in-
terchangeable crew functions.



B-47 Combat Crew Training Flow Chart

The interim crew training shown here will phase into the ultimate
program to train all crew mempbers as 1025°s when resources permit.
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Jet aireraft gulp great quantities of fuel, but aerial refueling doubles the
range of the B-47. The KC-97A Stratofreighter tanker lowers its swiveling,
telescopic flying boom, and the operator in the tail of the tanker guides it
into the slipway coupling on the nose of the bomber by maneuvering the V-
shaped “ruddevator” control surfaces on the boom. Once the connection is
made, the fuel is quickly pumped under pressure into the bomber’s tanks.
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ment, with the various aspects of crew coordination necessary
to accomplish a mission, and with the individual and collective
demands placed upon them by their high-speed, high-altitude
weapon. The program completed, the crews are assigned to
regular operational SAC units where training toward combat
readiness is continued.

CoNFRONTING the whole jet bombardment training program
is a question—how much time can we afford to spend on train-
ing men to the degree considered necessary for maximum op-
erational proficiency. When will the big bell ring? If there is
enough time at the disposal of the planners of our bombard-
ment force, the problem of training jet bombardment crews
would be eased considerably. Providing the bombers with quad-
ruple-trained crews and converting conventional units to jet
bombers could proceed methodically. The cream of the entire
Strategic Air Command could be selected for jet bombardment,
and the time in training could be greatly cut down, allowing
a rapid build-up of a vast new and powerful air arm.

Under present conditions this is not feasible. It is well known
to anyone who reads newsstand periodicals that many con-
ventional SAC units have combat missions for which their
crews stand by on call. Preparation for these missions has taken
years of intense training. But this striking force-in-being can
not be weakened to strengthen a force in the making. Nor can
either force be committed to a peripheral war such as Korea
without jeopardizing our national security. Thus the building
of our strategic jet bombardment force must proceed relatively
independent of heavy crew commitments to other purposes, in
fact, despite of them.

Since the age of jet bombardment, with its tremendous de-
mands for experienced crew members, has just begun, we can-
not believe that as speeds and altitudes increase the complex
problem of manpower will decrease. Jet crews cannot be a
product of national emergency measures. Jet bombardment is
a profession built on a solid foundation of long range training.
The establishment of that program is held imperative by the
Strategic Air Command, so that the all-important third com-
ponent of our powerful weapon—the crew—will be of the
highest caliber. Its leaders insist that we cannot afford to com-
promise on the crew any more than we could on the aircraft or
the A-bomb.
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The B-47 is the beginning of the age of supersonic intercon-
tinental strategic bombardment. This map of the United States
purposely portrays a conservative effective combat radius of
present jet bombers and indicates the extent to which the jet
bombardment age is already upon us. Yet present equipment
can be expected to develop rapidly to future stages of far
greater effectiveness, just as piston-engined bombers quickly
developed their speed and range. Overseas bases of operation
will ultimately be pulled back to home bases, heralding the day
of an intercontinental air striking force of such magnitude
and swift-striking power that no nation on earth could compel
its application and then survive against it.
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Problems in Air Defense

LIEUTENANT COLONEL PETER J. SCHENK

owerful air attack has become, since the advent of the
Russian atomic bomb, a problem of supreme urgency.
Our very survival as a nation may be at stake.

We have now demonstrated our firm resolve to support the
United Nations and to counter aggression anywhere. Further-
more it is evident that our latent military power is so great
that, given time to mobilize, we can make aggression profitless.
Among the Western allies we alone have this potentiality. This
fact makes the elimination of our war-making capacity and,
even more urgent, the destruction of the ready power of our
long-range bomber force, the necessary first step on the part
of an aggressor in any new world war.

Our European, and particularly British, colleagues seem to
face a much more desperate problem in defending their homes.
This may be an illusion brought on by their proximity to poten-
tial enemies. It would be sheer folly for, say, the Communists
deliberately to launch World War III by an invasion of Europe
or by an air attack against Britain while our strategic air
forces remain alert and intact. As these air forces become more
truly intercontinental forces, and more of them can be based
in the United States, continental North America appears to be
slated for the first attack if a war should come. At very least,
it would probably be hit simultaneously with the launching of
an offensive in Europe. And by the same logic the initial pur-
pose of a Soviet air offensive against continental North America
would be partly to neutralize the Strategic Air Command and
partly to tie up an extensive portion of our available air power
in home defense. Bombing industry and cities to cripple our
industrial potential would probably come later.

The USAF has been charged with the responsibility of pro-
viding for our two greatest military needs—the maintenance
of the long-range bomber force and the air defense of the
United States. To a far greater extent than is generally ap-

preciated, these two basic responsibilities must be considered
together.

T{E defense of the United States against a sudden and
P
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The key role played by our strategic force has been widely
appreciated in the Air Force. Air defense until recently has not
been nearly so well understood and has consistently been as-
signed lower priorities. This was justifiable in the TNT age, but
under conditions of atomic surprise attack, only our air defenses
in being and actually on the alert can be brought to bear on
the enemy. If we assume that we shall never be the aggressor,
the only part of our air power which will be of any consequence
in the first critical hours of an all-out war is air defense. Only
an air defense capable of deflecting the first enemy strike can
buy us the time to energize the counterblow with which we can
hope to redress the balance. Discounting the probability of
wholesale decisive sabotage, only an enemy air strike can knock
out our bombs, bombers, and the bases from which they must
operate at home and abroad. Air defense must prevent the
destruction of our strategic bombing system before we can
bring it into action.

Despite the crucial importance of protecting SAC, classical
air defense doctrine tends to overlook the defense of the stra-
tegic bombing system (including bases, aircraft, bombs, and
bomb storage facilities) and to concentrate more on the defense
of conventional target systems of the TNT age—factories, popu-
lation centers, and transportation. The defense of the SAC
target complex should hold a top priority in peacetime de-
ployment of air defense forces.

How does the problem of defending the SAC complex differ
from the more familiar problem of defending population and
industry? The most apparent difference is that the SAC com-
plex consists of a relatively small number of specific limited-
area targets which can be clearly identified and fairly readily
arranged in order of relative importance. This is much more
difficult to do with industrial and population targets. There are
so many more of them, and their exact contribution to the
nation’s war potential or liquid military assets at any given
time is impossible to assess. The problem of defending the SAC
complex can be called a “local defense” problem. In many ways
it is similar to the Navy’s problem of defending a ship or task
force in the empty ocean. Conversely population and industry
targets are more nearly an ‘“area defense” problem. Yet some
SAC installations are in populous areas, surrounded by other
valuable targets which are themselves worthy of some measure
of defense. This leads us to what might be called the theory of
“uniform level of defense.” Under this concept the most valu-
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able targets should receive an extra measure of local defense,
the less valuable ones somewhat less. and so forth, until, ideally,
the entire country or large defended area should present a uni-
formly unattractive picture to the potential aggressor—leav-
ing no inviting soft spots where he can hurt us most with
minimum loss to himself.

This philosophy underlies our choice of a family of “area de-
fense” and “local defense” weapons which must be developed,
manufactured, and deployed according to the relative values of
the target complexes. The heavy interceptor fighter, possessing
relatively great range and speed to allow groups of aircraft
from widely separated bases to be mutually supporting, is the
standard weapon of area defense. It will be augmented and
gradually replaced by the long-range pilotless fighter. Conven-
tional antiaircraft artillery, augmented and eventually in part
replaced by short-range ground-to-air missiles, is the back-
bone of our “point” defenses. The short range high-rate-of-
climb fighter is a hybrid weapon particularly useful in defense
of highly valuable extended target complexes, such as the met-
ropolitan Connecticut-New York-New Jersey area.

It may be well to digress for a moment and consider the im-
pact on air defense of guided missiles as a new family of weap-
ons. Unfortunately in general usage the term ‘“guided missiles”
has been applied rather loosely and indiscriminately to a great
variety of devices whose military employment runs the whole
gamut of air operations. There are small air-to-air guided mis-
siles, which should be considered with rockets, machine guns,
and cannon as aircraft armament. There are air-to-surface
missiles used by fighter bombers in air-ground war; these are
outgrowths of the guided bombs or torpedoes of World War II.
Longer-range pilotless parasite bombers carried by heavy bomb-
ers should perhaps be considered in this group of guided
missiles as well. Then there are long-range pilotless bombers,
which may ultimately replace the piloted strategic bombard-
ment aircraft. And finally there are two distinct classes of
ground-to-air guided missiles: the long-range pilotless inter-
ceptor, which is an area air defense weapon, and the shorter
range ground-to-air missile, a local defense weapon.

Air defense is concerned with only three distinct classes of
guided missiles—air-to-air missiles used as interceptor arma-
ment, and the two types of ground-to-air missiles for area and
local defense. The technical problems in each of these differ,
and their full realization will probably occur at different times.
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In each of these categories several development projects are
underway which differ in details of guidance systems used,
aerodynamic configuration, warhead, and propulsion. All pose
new problems in design, maintenance, and operation which
may in some cases take years of intense effort to overcome.

There are only three valid reasons for accepting the in-
creased technical difficulty inherent in guided missiles: first,
if missiles can do a job conventional weapons cannot do; sec-
ond, if missiles can do the job cheaper; third, if they can do it
better. For example, it may be possible to design pilotless inter-
ceptors which can perform maneuvers more violent than a
human pilot could survive. If this is true and the kill probability
of the missile is greater than that of the piloted interceptor
it replaces, a valid reason exists for developing missiles. Or
short-range ground-to-air missiles with all their complex equip-
ment requirements may be more economical for a given Kkill
probability than heavy antiaircraft artillery. Air-to-air guided
missiles, when perfected, may be vastly more effective than
conventional fighter armament. But we should never adopt
missiles, or any new weapon for that matter, when an older,
cheaper, simpler weapon will do the job just as well.

To return to the air defense problem, there would be a num-
ber of bases for long-range fighters in a typical large area
defense. They would be capable of providing a uniform level of
defense anywhere in the area, provided they have adequate
early warning and control furnished by the ground radar and
communications network. Long-range interceptors can roam at
will throughout the defended area and engage the enemy
force anywhere within it and at some predetermined range out-
side its borders. Their operation is independent of the indi-
vidual target systems below, but not independent of the per-
formance of the control and warning net.

The point-defense weapons, on the other hand, will be found
in the immediate vicinity of the key targets within the general
defended area, and their numbers and quality will be in direct
proportion to the value of the target with which they are as-
sociated. The functioning of all the weapons will be coordinated
by the central information and control net on the ground.

VAST technical improvements have been made .in
air defense systems since their crude beginnings in the mid-
1930’s. Nonetheless they still suffer, and will always suffer,
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from the classic handicaps of the defense. The attacker can
choose his time, place, and method of attack; the defender
must distribute his resources as best he can, and wait. No air
defense can ever be perfect. A determined attack concentrated
in time or space, or both. sooner or later can be expected to
saturate the available defenses. Alternatively, by stealth and
deception the lone atomic carrier may well find it possible to
lose himself in the massive normal air traffic and penetrate to
an important target unrecognized. It follows that the greatest
single need for an effeclive air defense is intelligence: the earli-
est possible warning and the most detailed possible knowledge
of the enemy’s intentions and actions.

Anyone can readily obtain flawless intelligence information
on the U.S. economic structure and erect from this an accurate
picture of our vulnerability. Our industrial complex, with but
a very few exceptions, is literally an “open book”—it is de-
scribed in minute detail in trade journals available everywhere.
The country as a whole, with but very few exceptions, is open
to foreign tourists. Our military intentions are also well known,
at least in principle. It can be taken for granted that we shall
never engage in premeditated and unprovoked aggression.
Under certain circumsiances, with a passage of time and
change in public opinion, we might be brought to launching
the first strike, but only if we were convinced beyond doubt
that our own atomic doom was imminent and the aggressor’s
die already cast—in short, that only desperate measures would
save us from extinction.

But the intentions of our potential enemy are most difficult
for us accurately to determine, and his military and economic
potential is far less well known to the outside world than our
own. In truth we are “fighting a ghost,” an intangible, evanes-
cent creature hard to visualize and impossible to come to grips
with. The value of our air power—offensive as well as defensive
—could be multiplied a hundred-fold with adequate intelli-
gence. This is obvious to any serious student of air war.

Then there is another area of intelligence which we might
call “tactical intelligence,” as opposed to the strategic, or long-
term intelligence. Tactical intelligence in air defense is really
aircraft control and warning, dedicated to thorough surveil-
lance of the defended air space. Any complete air defense sys-
tem consists essentially of three parts: an information gather-
ing network (eyes and ears); a communications network and
control center (nervous system and brain); and active weapons,
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such as fighters, antiaircraft guns, missiles (fists). If any of
these is lacking or seriously impaired, the system as a whole is
worthless. It follows also that improvements in the over-all
performance of the system can be made only if improvement of
its major components is kept in balance. It is foolish to lavish
great care on improving an isolated part—a radar or a gun,
for example—when the limit on the performance of the system
is actually set by another part—perhaps an overloaded elec-
tronic brain or a slow and inaccurate communications channel.
The same amount of effort expended on bringing the weak
member up to the general level of system efficiency would
bring vastly greater returns.

Merely knowing the three-dimensional position and course
of aircraft is not sufficient for the demands of the air defense
system. We must also know the identity of every aircraft. Once
enemy aircraft are identified we must try to answer vital ques-
tions of intent. What is their targel? Is this one carrying a
bomb? Or is he a decoy? This is one of the most vexing problems
operational and technical people in the services have ever faced.
The electronic identification devices developed and used in
World War II were complicated and unreliable. The stakes now
are so high that identification must be virtually infallible.

Since this is such an important problem, we should go back
to fundamentals and look at the identification process philo-
sophically. Electronic IFF (Identification, Friend or Foe), as
developed in World War II, is really nothing more than a
mechanical password, given by a black box full of vacuum tubes
in the friendly airplane to a black box full of vacuum tubes at
the challenging post on the ground. Much effort has been de-
voted to making these black boxes more sophisticated, quicker,
and harder to deceive. In the process they have inevitably be-
come bigger and more complicated, and therefore less reliable.
And in the electronic war of wits it is always just a question of
time before any device of this sort can be neutralized or fooled
by the enemy. Then we must build a still more complicated de-
vice. The inherent weakness of this philosophy is that the black
boxes, in order to be trusted, must work one hundred per cent
of the time. If there is any chance that failure to reply to a
challenge from the ground is due to equipment or human error,
the air defense controller will be most reluctant to take positive
action, lest he destroy a friendly transport full of innocent
passengers, for example. or attack a crippled friendly bomber
returning from a mission with his IFF shot up.
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In our daily routine, people who must identify someone de-
pend on passwords only as a last resort and in the absence of
more positive and convenient means of identification. Also they
usually do not depend, if they can help it, on any one outstand-
ing feature or characteristic of the person whose identity is in
question. They look at his features, color of eyes and hair, pos-
ture, clothes, manner of speech, actions; they ask questions; in
more rigorous examination they take fingerprints, look at
dentures, take blood samples. The cumulative result of this
examination finally answers the question of identity.

This may seem a far cry from air defense, but is it really?
How much information is there available to the radar outpost
on the ground and in the intelligence and information network
as a whole which can be analyzed and correlated to identify
any one specific aircraft? Quite a lot. some of which has yet to
be exploited effectively. If time permits and the situation is
sufficiently serious to warrant the extra cost, one of the most
obvious things that can be done is to provide alternate “diver-
sionary” airfields outside the defended area, at which all ap-
proaching aircraft must land for examination and from which
they are then kept under continuous surveillance until they
reach their destination within the defended zone. This is a
scheme immediately within our capability, requiring only an
order from sufficiently high authority. Its implementation,
however, must await the time when the danger of air attack is
deemed serious enough to warrant such a costly measure.

Another problem related to air raid warning is introduced by
the inherent deficiencies ot radar, the most widely useful elec-
tronic device for detection of aircraft. Radar can see aircraft
at great ranges in bad weather and darkness, but at a fearful
cost in equipment compared to human eyes and ears. The range
of radar is much greater, but its vision is coarse. Instead of the
fine detail seen by the eye, all aircraft look very much alike to
radars—mere “blips” on the screen of an oscilloscope tube.
Also, radar waves, like light waves, ordinarily travel in prac-
tically straight lines, so that the earth’s curvature causes gaps
in their coverage at low altitudes. This phenomenon is so widely
known and understood that we must give credit to the enemy
for being able to capitalize on it and find holes in the radar
pattern for sneak raids. Even moderately complete coverage at
the lower altitudes is inordinately costly in men and equipment.
In fact the best “gap filler” for this purpose is still a man
perched at an observation post with a telephone, watching the
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skies for low-flying aircraft and reporting their presence to a
“filter center.”

Ground observers, to be of real value, must be organized,
trained, and provided with shelter and communications. Ob-
taining persons to serve in this capacity in peacetime in the
numbers required is an imposing task. If their training is to be
truly useful, they must have the stimulus of maneuvers and
exercises and constant professional supervision. This strains the
country’s commercial telephone communications net. Fortu-
nately this network in the U.S. is extremely well developed and
has considerable reserve capacity to meet part-time military
needs of this sort.

World War II experience indicated that volunteer observers
are not hard to obtain during time of war. But this experience
may be misleading: we entered the last war shortly after a
great depression, with a manpower surplus. Even at the height
of the war, production was not seriously held back by lack of
manpower. The hidden cost of an observer system in a large
area is huge, even if its members work without pay. Our econ-
omy since World War II has been expanding so rapidly that
the normal supply of manpower has barely kept pace. Under
the strain of all-out war production, particularly in view of
today’s vastly more complex war materiel, we may well not be
able to afford the World War II style of ground observer sys-
tems. We must look to invention and technology for the answer.
We need mechanical observers which will operate automatically
in vast numbers on roof-tops, telephone poles, and the like, with
but occasional attention from a traveling maintenance team.
This is a problem well suited to our national genius for mass
production of high quality, trouble-free items. A country which
turns out millions of home radios and television sets should
have little difficulty in producing a few hundred thousand
mechanical eyes and ears of relatively modest performance.

LET us now examine briefly the requirements of the
“nervous system”—the communications net which must inter-
connect all of the tar-flung elements of the complete system.
There are essentially two different problems—one of transmit-
ting information or orders (which may be in many forms:
pictures, voice, teletype) among various installations on the
ground, and the other of communicating between a ground sta-
tion and aircraft or missiles in flight. Speed, reliability, security,
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and low cost are all essential qualities of the network. On the
ground the commerical telephone net meets most of these needs
admirably. For talking from ground to air, we must resort to
radio or one of its related forms of wireless communication.
Wherever possible, the information should pass through a mini-
mum number of human operators; men invariably introduce
delays and inaccuracies.

On the other hand the desire to eliminate human operators
must be carefully weighed against the introduction of compli-
cated, expensive equipment which will be hard to maintain.
Replacing a man with a machine inevitably costs us something.
We must always keep a most careful eye out for “‘gadgeteering”
—making procedures automatic which in the large view of the
system could better have been kept manual. Whether we use
a man or a machine depends on the answer to the question:
“Does this function require judgment?” Theoretically purely
repetitive, routine, or bookkeeping operations are best done by
machines. When judgment is involved, particularly judgment
based on intangible considerations which cannot be completely
written down in advance, the trained human mind is still the
only answer. Futhermore for some operations that could be per-
formed more accurately and more quickly by a machine, the
present version of the machine would be too big, too costly, and
too complicated to make its substitution practicable.

in the design of mechanized air defense systems, it is easy to
fall into another trap—that oi replacing elements of the sys-
tem, one man at a time or one function at a time, with auto-
matic devices on a one-for-one basis. We must always remember
that present-day human and manually operated air defense
systems have evolved around the basic capabilities and limita-
tions of human minds, eyes, ears, and hands. When we set out
to design automatic systems, we must consider the total impact
of the new techniques and devices and seek to employ them
efficiently in their own frame of reference. The resulting ar-
rangement of component elements should probably bear little
resemblance to the original human-manual system. The cater-
pillar tractor is totally unlike the mule—yet both pull vehicles.
We could have designed a mechanical mule, with ball-bearing
knees and stainless steel teeth, but it would have been a thor-
oughly ungainly monster. The locomotive went through a brief
period of being called an “iron horse,” but it quickly assumed
a much more functional shape. The analogy may seem far-
fetched, but it is quite pertinent when one looks at the many
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efforts currently underway to mechanize the existing air de-
fense system by bits and pieces, instead of going back to funda-
mentals and proceeding with a sweeping redesign that makes
efficient use of new capabilities.

A good case in point is the modern, high-speed electronic
digital computer, which can perform millions of arithmetic
operations in a second, accepting its input data in the form of
“yes-no” electrical pulses or “binary” numbers. Such machines
have obvious application to air defense, but their use sets off
a chain reaction of new requirements for data transmission
systems, information-gathering devices, and the like. Today’s
radars, for example, are designed to deliver their information
to the human eye through an oscilloscope tube indicator. How
should they be redesigned to feed yes-no pulses to the input of
a digital computer? This is a revolutionary change. It requires
a complete re-examination and redesign of the radar all the
way back to the antenna. It may even mean ending up with a
sensing device so different that it cannot be called a radar.

To think in these terms is difficult. It requires constant
mental struggle, because man is essentially conservative. It is
much easier to make minute diverse improvements than to
strike out boldly and imaginatively into uncharted territory.
This is why the peacetime development machinery of the Air
Force very seldom produces revolutionary new designs in major
weapons systems. Ordinarily these emerge only under pressure
of war, when the nation’s finest minds are set to the task.

AFTER each major war the peacetime years are
spent in the tedious process of improvement in detail. The re-
sult is the often-heard accusation that the military mind is
always ready at the beginning of a new war to fight the last
one perfectly. This phenomenon is of course not confined to air
defense, but its consequences are perhaps more serious in air
defense than in some other areas of military operations. In the
first few hours of a war, air defense must brave the worst the
enemy can offer. It must be qualitatively and quantitatively
equal to the task, or it will fail completely. How can we, the Air
Force, improve our development machinery in peacetime, SO
that topnotch air defense is on hand when the war starts? How
can we see to it that the best technical minds are focused on
the right problems, to say nothing of securing their services
in the first place?
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The first thing we must do is to seek out a number of top-
level experts in each of the scientific fields concerned and in-
duce them to devote their full time and effort to our problems.
This sounds both obvious and easy, but the obstacles are great.
Patriotism as a motive is useful, but not nearly enough by it-
self. Financial attraction helps. Good working conditions help,
as do the inducements of prestige and fame and the way in
which the problem is presented. We must blend all these in-
gredients before we can attract and hold a top-level group of
scientists. This entails scrapping a number of the most cher-
ished notions of the military, of civil service, and of govern-
ment bureaucracy in general. We must violate the deepest
prejudices of the ‘“military mind” by giving this group of
civilian scientists complete access to our problems and weak-
nesses and letting them eventually prescribe a cure. We must
by-pass and violate normal channels of all sorts by allowing un-
heard-of liberties in accounting and dealing with public prop-
erty. In giving inordinary support and credit to our select
group of experts we must expect to alienate established tech-
nical groups charged with the drab and thankless task of
maintaining the existing systems and making small improve-
ments in them. Private industry has recognized this principle
long ago and pays seemingly exorbitant fees for expert consult-
ants, but they find the results well worth the cost.

Next we must give our “Task Force Brains” a suitable en-
vironment in which to do their work. We must stimulate their
creative faculties in the proper direction, and we must convey
to them the problems and troubles of air defense as realistically
as we know how. They must at all costs be kept from degenerat-
ing into an academically-oriented laboratory group in which
scholastic nit-picking replaces broad-gauge research and the
end product emerges as fascinating but useless gadgetry. The
continually recurring theme song of the group must be “Kill
bombers—real bombers.” The military facts of life, the reali-
ties of field conditions, the actualities of warfare, must under-
lie their every thought and action. This means that they must
live in a real air defense system, set up experiments with live
fighters and fly in them, deploy real radars manned by typical
troops, send raw radar data with noise and clouds and all its
natural defects over garden-variety real telephone wires rented
at random from the local telephione company. We must mix
with them people in uniform who possess operational ex-
perience, imagination, and enough education to speak their
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language, forming joint teams in which each person pulls his
weight according to his abilities.

If we succeed in assembling “Task Force Brains” and pro-
viding it with a laboratory and an experimental air defense
area, we shall have set the stage for the development of a
radically new and vastly better air defense system. We shall
have improved the present tedious and inefficient process of
generating “military requirements” and getting these to the
developing agency needlessly late, incomplete, distorted, and
often unrealistic. We shall have acquired, as an additional by-
product, a very useful tool for demonstrating the best and the
newest in air defense doctrine to the operating command, and
we shall have provided a place where new principles can be
worked out under ideal conditions. We shall have taken a long
step towards achieving the cooperation between scientific and
military personnel so essential in modern war.

Selection and assembly of the group and the creation of a
laboratory and a test system are still only parts of the answer.
We have now provided them with a place where they can ex-
ercise their individual scientific talents and work fruitfully and
efficiently toward their common goal. But we have not yet
provided them with the necessary military background. Before
the first development plan is ever written, we, the military, the
career students of air war, must join with them in a careful ex-
ploration and analysis of the military problems of strategy and
tactics. We must review with them the nature of the target
systems we are defending, and examine the economic, political,
and military geography of our country. We must jointly study
such questions as, “Where are the enemy’s bases? What are his
most probable approach routes? Which of our targets is he
likely to consider most attractive?”

It is probable that intelligent study of questions of this na-
ture requires different disciplines than we have originally
assembled or are normally found in sufficient numbers within
the military. This may make it advisable to charter a different
study group to delve into these questions and to collect and
sift through the vast amount of material which must be ex-
amined in this non-exact science.

Finally we must review with them the different and often
conflicting philosophies of conducting air deiense which have
evolved from military experience. Together we must determine
which doctrines are applicable to the present problem, which
truths are basic and which apparent truths are simply com-
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promises of the moment, indulged in because of some tempo-
rary, technical deficiency in the available weapons. Much has
been written and preached on perimeter defense versus heart-
land defense, centralized versus decentralized systems, close
control versus loose control, and a host of other concepts. For-
malized and traditional, these concepts are emotionally de-
fended by their respective proponents. The specialized circum-
stances which surrounded their origin and early success have
often been forgotten. It is imperative that we return to funda-
mental principles, strip them of their historical distortion, and
apply them to the current problem.

LET us now look beyond the design and develop-
ment stage of the new air defense systems and examine some
of the inherent problems of its day-to-day operation. One of the
most important of these has been referred to as the problem of
the “learning curve.” It is well known that any complex or-
ganization, such as an air defense system made up of many
men and machines, functions best after it has done its job over
a period of time and has refined itself by trial and error. Ob-
viously the most important time for an air defense system to be
at peak efficiency is just before the first raid. Unfortunately it
is costly and difficult to simulate even an approximation of a
wartime situation. Even though numerous maneuvers and ex-
ercises are held, the inevitable turnover of personnel within
the system quickly vitiates the value of these exercises.

There are at least two possible alternatives which offer some
relief. First, the air defense system can be given routine re-
sponsibilities in peacetime which are quite similar to its war-
time activities. For example, the Air Defense Command in-
stallations could be made into the “Traffic Cops of the Air.” If
the ever-tightening restrictions on the behavior of civilian air-
craft are to be enforced, there must be traffic police. The air
defense system is ideally suited to this task. The routine re-
spensibilities would keep up the skills and interests of its per-
sonnel. Continuous surveillance of friendly traffic will also
make all-weather flying safer and possible under the worst
weather conditions. Secondly, it is possible to introduce, by
simulation and synthetic training devices, situations at various
operating levels which have all the appearance of real combat.
We can generate radar “blips” without the knowledge of the
operators on duty. Such simulated enemy targets would then
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be tracked by the system just as though they were real, ex-
cept that weapons would not shoot at nonexistent targets.

It is also of vital importance that maneuvers and exercises
are not viewed entirely from the conventional point of view of
“war games” of the type we had before World War II. It is of
little import that an umpire ruled New York City “destroyed”
or the first element of the Red squadron ‘“shot down,” to the
credit of the responsible commander. It is far more important
that the maneuvers we do hold are scientifically designed to
give maximum training to persornel at all levels and to point
weaknesses up clearly in equipment, tactics, or doctrines. There
1s a deplorable lack of accurate information about the perform-
ance of the systems we already have in operation, to say
nothing of those yet in development. We must use the methods
of operations analysis, and we must have organizations con-
tinually pioneering and testing new and improved devices.

Little is known, for example, about the real difference in
effectiveness of an air defense system against the first raid,
the tenth raid, and the hundredth raid. We should be able to
make some rather accurate systems performance forecasts,
even though we might not have faced the acid test of real com-
bat. We can, of course, never predict the enemy’s reaction to
changes in tactics on our part, but we can employ mathemati-
cal tools such as “‘game theory,” automatic high-speed comput-
ing machines, and simulators of various forms to discover a
great deal about the nature of the problem. While game theory
cannot tell us anything about a real enemy’s actual moves and
countermoves, it does provide a scheme for selecting the most
profitable of several alternate courses.” It can be shown that in
most cases there is a preferred course of action which gives the
highest probability of success regardless of what the enemy
does. It is also possible to construct a “mathematical model”
which takes into account by mathernatical symbolism many of
the important variables in the air defense problem. Typical sit-
uations can be fed into high-speed computers and ‘“played
through” many times, each time varying some factor to deter-
mine its effect on the outcome of the air battle. But if these re-
sults are to be more than an amusing and expensive chess-game,
it is essential that accurate data on the performance of various
parts of the air defense system under different conditions are
available. This is as yet an infant science, and the uncertainties
and difficulties of translation into meaningful, realistic situa-

‘|An explanation of the application of the theory of games to m.llltt.ar_\' planning is ‘a}'ml-
able in "*Military Decision and the Mathematical Theory of Games.,'~ by Col. O. G. Haywood.
Jr., USAF, Air University Quarterly Review, IV, 1 (Summer, 1950, 17-30. Ed.|



PROBLEMS IN AIR DEFENSE 93

tions are great. Nonetheless a promising area is offered for
further investigation and should be pursued.

THE question is often raised, “How good are our air defenses,
and, assuming an all-out effort, how good could these be made
to be?” There are probably about as many opinions on this sub-
ject as there are people who have thought about it. Informed
observers of World War II have stated that the British air de-
fense system, at its best, could never achieve an attrition rate
of more than 15 per cent. This was good enough to decide the
Battle of Britain in Britain’s favor—but that was in the TNT
age. In modern air war, when a single airplane can carry a
weapon of mass destruction, the attrition concept of fighting
air defense is obsolete. We must achieve an attrition of 80 to 90
per cent to assure ourselves of a chance for survival.

Let us look as closely as we can at the reason for the amaz-
ingly low performance figure of 15 per cent attrition reached
in World War II. In theory, if all parts of the system had
worked perfectly, the percentage should have been much
higher. We find, on looking at case after case of actual air
battles, that something always went wrong. There were mis-
takes, there were undue delays, aircraft aborted, radar failed,
guns jammed, and people made bad guesses. It appears that if
adequate safety factors had been built into all the equipment;
if the rate of climb of fighters had been greater; if the range of
guns had been longer, their aiming devices more accurate; the
fighter pilot bolder; and the commander wiser, the Royal Air
Force could have knocked down every German bomber.

We can do little to change people. By and large the Royal Air
Force, and in fact all the Allied pilots, were well-trained and
courageous. It is in equipment design and performance that
we must place our hopes. There the technological genius of
Western civilization must be focused—our genius of invention
and production, and, finally, of organization. The problem of
air defense is much more a problem of quality than one of
quantity. World War II weapons and equipment are just not
good enough to do the job. nor do we have enough of them. But
to make more of the same would only comfort us with false
security. The problem is one which must be attacked by an en-
lightened partnership between military men and the man of
science, supported by the men of industry. Together they must
achieve the big task of equipping the Air Defense forces which
stand between us and destruction.

AF Cambridge Research Center



Photographic Reconnaissance in Korea |
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An RB-29 of the 915t Straté

mission, its camera magazi {110 X posed over North Korean targets. As soon

it lands, the many rolls of exposed film will be rushed to the laboratpry technieians of
reconnaissance technical squadron, who will develop the film and imake prints from if ina
matter of hours. Then-photo interpreters will scanthe pictures for tell-tale evidence.of t}ie
enemy’s movements, his progress in rebuilding degtroyed facilities, and his likely intentions.

—

When military air power came of age in the Second World War, it compelled a
similar development of its intelligence agency—aerial photographic reconnais-
sance and interpretation. In a war where bombers and fighter-bombers ranged
over enemy territory to bomb industries and cities and cut lines of supply and
transportation, the effectiveness of the air forces depended directly on their in-
telligence—the speed, accuracy, and completeness of their knowledge of enemy
target systems. A radically new set of demands was imposed upon the gathering
of intelligence. Aerial intelligence must have the same flexibility as the combat
aircraft. Aerial photography was the answer. But its battle for recognition was
not an easy one. Although the Army Air Corps had a series of aerial cameras in
1941, emphasis had been on mapping cameras and other short focal-length
cameras which took pictures beautiful in quality and detail but too small in scale
for detailed interpretation. This was only one of the problems when the U.S.
entered the war and required extensive photographic reconnaissance.

By 1945 we had learned much about photographic reconnaissance and the in-
terpretation of the photographs. We had learned that not just any aircraft was
good enough for reconnaissance. Since the recon airplane usually went alone
and into the deepest reaches of enemy territory, the only chance of getting home
with its pictures was to outdistance any pursuers. This called for first-line
fighters or bombers, stripped of their armament to give them the final edge in
speed. We also found that not just any pilot could take aerial photographs.
When a mosaic was flown, the lines of flight had to be accurately spaced and
precisely parallel. While the automatic cameras were clicking away, flight had
to be level and speed had to remain constant. Over each target notations had
to be made of the altitude and time of day and a rough sketch had to be made
of the flight pattern. After cameras with longer focal lengths came into general
use, two cameras with 24-, 36-, or 40-inch focal length lens were usually set in
each side of the nose so that their pictures would have about 40 per cent ever-
lap. A six- or twelve-inch focal length camera took vertical shots at the same



time to give area coverage. Since photographic reconnaissance aircraft usually
flew at altitudes of 24,000 to 30,000 feet, the longer focal-length camera fur-
nished pictures within the 1:6000-to-1:15,000 scale ratio necessary for detailed
interpretation.

As soon as the aircraft landed, the film was rushed to the photographic sec-
tion, where it was quickly processed and prints were made, developed, washed,
and dried. When the prints were available, photo interpreters assigned to the
reconnaissance squadron went quickly through the lot, looking for the “first-
phase” or immediate-action information—a rough assessment of the damage
done by a strike, movements of quantities of vehicles, trains, or troops, etc. Then
the pictures were passed on to the “second-phase” section, where interpreters
took note of a wider variety of matters. They checked percentage of damage
done by a bomb strike, recorded the buildings destroyed and estimated how long
the target would be inoperative. They reported on the amount of traffic in
marshalling yards, the amount of shipping in a harbor or on a river, and the
number and types of aircraft present on an airfield. Finally the ‘“third-phase”
sections studied these subjects individually, comparing the number of antiair-
craft guns or radar emplacements with what the last run over the same target
had shown, reporting on the serviceability of railroad bridges on all lines leading
into a certain rail junction, and issuing complete reports on airfields, with the
measurements and functions of each building, the number, size, shape, and type
construction of aircraft revetments, the length. width, construction material,
and condition of the runway, fuel dispersal facilities, etc. All this information
was reported and also recorded on their record maps which are always kept up
to date.

Although these “phases” were the main effort of photographic interpretation,
there were allied activities of only slightly less importance to the Air Force. De-
tailed target folders and mosaies drew together all the information about an im-
portant target from intelligence reports, engineering journals, newspapers, and
magazines and supplemented it with photographic analysis. The final mosaic
would point out the critical buildings or area which must be destroyed, the
height and thickness of the walls, the construction of the buildings, what the
best approach route would be in terms of enemy defenses, what local antiair-
craft fire could be expected. and where the batteries were located. For the low-
level attack on Ploesti, Romania, the height of every smokestack was measured
on photographs. Various special projects might also be assigned to the trained
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